The Biological Mechanisms of Air Ion Action

1. 5-Hydroxytryptamine as the endogenous mediator

of positive air ion effects on the mammalian trachea
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ABSTRACT Intravenous administration of 5-hydroxyiryptamine to rabbits
and guinea pigs is shown to bring about changes very similar to thase produced
by (+) air ians, including {1} decreased ciliary rate, (2) contraction of the
posterior tracheal wall, (3) exaggerated response of the tracheal mucosa to
trauma, {4) marked vasoconstriction in the tracheal wall, and (5) increased
respiratory rate. These effects are reversed by (—) air ions. Iproniazid, which
raises 5-hydroxytryptamine levels in the animal by blocking monamine oxidase,
produces similar but non-reversible effects. Reserpine, which depletes 5-hydrox-
ytryptamine in the animal, causes changes that resemble those produced by
{—) air ions, including (1) increased ciliary rate, (2) relaxed posterior sulcus,
(3) hyperemia of the tracheal mucosa, (4) lowered respiratory rate, and (5)
increased volume and rate of mucus flow.

On the basis of these facts, the hypothesis is advanced that (+) air ion effects
are mediated by the release of free 5-hydroxytryptamine, while (—) air ion
effects depend on the ability of (—) ions to accelerate the enzymatic oxidation
of 5-hydroxytryptamine.

INTRODUCTION

Within the past 2 years, exposure of the mouse, rat, guinea pig, rabbit, and
monkey trachea to air ions has been shown to produce a number of character-
istic and highly reproducible effects (1-3). These effects include:

(+) Ions (=) Ions
1. Decreased ciliary rate 1. Increased ciliary rate
2. Contraction of posterior tracheal wall 2. Reversal of (-+) ion induced contraction

of tracheal wall
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3. Exaggerated response of tracheal mucosa 3. No response of tracheal mucosa to mild

to mild mechanical trauma mechanical trauma
4. Vasoconstriction in tracheal wall 4. Normal vascularity in tracheal wall
5. Increased respiratory rate 5. Decreased respiratory rate

The first three effects are seen in the extirpated tracheal strip; all fiveeffects
are seen in the living tracheotomized animal. '

While a partial explanation for negative ion action is implied by the re-
cently discovered ability of negative ions in vitro to accelerate metabolic reac-
tions catalyzed by cytochrome oxidase (4), positive air ions exert no measura-
ble effect on these reactions. Positive air ions evidently act through a different
mechanism.

Recently we have been impressed by the similarity between the observed
effects of positive air ions and some of the general physiological effects at-
tributed to 5-hydroxytryptamine (5-HT, serotonin). In particular, the re-
ported ability of 5-hydroxytryptamine to cause smooth muscle contraction,
vasoconstriction, and increased respiratory rates (5), seems to resemble the
last three effects listed above for positive ions.

With a view toward uncovering any possible relationship between positive
air ions and 5-hydroxytryptamine, the following experiments were under-
taken.

In addition to 3-hydroxytryptamine itself, use was made of reserpine and
iproniazid. The latter two compounds have been shown capable of lowering
and raising, respectively, 5-hydroxytryptamine levels in mammalian tissues

(6, 7).

Materials and Methods

The drugs used in these experiments consisted of a 1 per cent solution of 5-hydrox-
ytryptamine (Sigma), ampoules of reserpine (Ciba) containing 5 mg./2 ml., and a
solution of iproniazid (Roche) containing 50 mg./3 ml,

For the in vivo studies, rabbits anesthetized with sodium pentobarbital were tracheot-
omized according to a technique already described (2) and given one or more of the
drugs intravenously as indicated by the figures.

For the in vitro studies, rabbits and guinea pigs were pretreated with one of the
three drugs, then sacrificed, and their tracheas removed according to a technique
already described (1). The pretreatment consisted of (1) intracardial injection of 10
mg. 5-hydroxytryptamine just before sacrifice, (2) intraperitoneal injection of 50
to 100 mg. iproniazid 20 hours before sacrifice, or (3) intraperitoneal injection of
5 mg. reserpine 20 hours before sacrifice.

The humid-air exposure chamber and the ion source were the same as described
elsewhere (2). When the extirpated trachea was exposed to air ions, a portion of the
trachea was retained in an un-ionized humid chamber as a control.
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EXPERIMENTAL RESULTS

I. Effects of 5-Hydroxytryptamine, Iproniazid, and Reserpine on
Tracheal Function

A. 5-HYDROXYTRYPTAMINE Intravenous administration of 5-hydroxy-
tryptamine to a living tracheotomized animal caused (1) rapid reduction of
the ciliary rate (Fig. 1A), or complete cessation of ciliary activity, {2) contrac-
tion of the posterior tracheal wall, (3) an enhanced vulnerability of the

CILIARY RATE
BEATS/MIN.
A. 1200
5-HYDROXY~ 1000 - CONTROL
TRYPTAMINE @ ;
(1o mg.) 300 4
INJECTED AT 0.5
HOUR 600
| |
0.5 l !
B. 1200
IPRONIAZID 1000 - CONTROL
(50 mg) . . . -
INJECTED AT 0.5 800 4
HOUR
600 D { Jm o o ol
|
0.5 I
C.
RESERPINE
(s mg.)
INJECTED AT 0.5
& 2.25 HOURS
T T ' T ’ T T 1
05 10 20 3.0 4.0
1
HOURS

Ticure 1. Effect of intravenous injection of 5-hydroxytryptamine, iproniazid, and
reserpine on the ciliary rate of the living rabbit trachea.

tracheal mucosa to trauma so pronounced that the slightest touch with a blunt
probe instantly produced a conspicuous ecchymotic disc, (4) abrupt blanch-
ing of the tracheal mucosa, and (5) acceleration of the respiratory rate.
When 5-hydroxytryptamine was administered intracardially to an animal
just before sacrifice, the extirpated trachea had a characteristic “bloodless”
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appearance, a contracted posterior sulcus, and a depressed or absent ciliary
beat.

When large doses of 5-hydroxytryptamine were given, ciliary activity re-
mained permanently impaired. With smaller doses, the ciliary beat gradually
returned to normal after an hour or longer (Fig. 1A).

B. IPRONIAZID In general, iproniazid produced the same effects on the
trachea as 5-hydroxytryptamine, only at a slower rate and quite irreversibly.
There were no spontancous returns to normal ciliary activity in this group.
" Drying of the trachcal mucosa was regularly noted (Fig. 1B).

C. RESERPINE Intravenous administration of reserpine to a living tra-
cheotomized animal (1) raised the ciliary rate (Fig. 1C), (2) relaxed the
posterior sulcus, (3) caused marked hyperemia of the tracheal mucosa, (4)
depressed the respiratory rate, and (5) raised the volume and rate of mucus
flow.

When an animal was pretreated with reserpine before sacrifice, the extir-
pated trachea was found engorged with blood, the posterior sulcus relaxed,
and the ciliary rate greatly accelerated—in some cases as high as 1250 beats/
minute (normal ciliary rate = 850 to 900 beats/minute).

I1. Effects of Air Ions on the Tracheal Function of the Drug Pre-
treated Animals

A. S-HYDROXYTRYPTAMINE AND AIR I0NS The rate of recovery of animals
pretreated with 5-hydroxytryptamine could be greatly accelerated by ex-
posing the tissue to (—) air ions (Fig. 2).
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Ficure 2. Effect of negative air ions on the ciliary rate of the extirpated trachea of
a rabbit pretreated with 5-hydroxytryptamine.

Since 5-hydroxytryptamine produces the same effects as (+) air ions, ex-
posure of these tissues to () ions either had an additive effect or no effect at
all,
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B. IPRONIAZID AND AIR IoNs Prolonged exposure of the tracheas of
iproniazid-treated animals to (—) air ions failed to restore normal tracheal
functioning (Fig. 3B).

Omne again, (+) air ions either had an additive effect or no effect at all.

C. RESERPINE AND AIR IONS Prolonged exposure of the tracheas of reser-

pine-treated animals to (4) air jons failed to bring the enhanced ciliary rate
down to normal levels (Fig. 3A).
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Figure 3. Effect of air ions on the ciliary rates of the extirpated tracheas of rabbits
pretreated with reserpine and iproniazid.

When the extirpated trachea is exposed to any agent that accelerates ciliary activity, a
gradual decline in this enhanced rate occurs after 2 to 3 hours. This decline seems to repre-
sent an exhaustion of nutrients in the abnormally active epithelial cells, as it is not observed
at all in the living tracheotomized animal, or as rapidly in the extirpated trachea control.
None of the other reserpine-induced effects described in I-C was in any way altered by (4-)
alr 1ons.

Since the trachea of the reserpine-treated animal already shows all the
effects produced by (—) air ions, exposure of such a tissue to (—) ions has no
detectable effect.

DISCUSSION

In previous experiments we were able to establish that negatively ionized
oxygen and positively ionized carbon dioxide are the components of ionized
air actually responsible for the various biological effects ascribed to “negative
air ions” and ‘““positive air ions” (10). We can now postulate the biological
mechanisms by which these components produce their characteristic effects
on the mammalian trachea.
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All the tracheal effects attributed to (+) air ions can be produced by the
intravenous injection of 5-hydroxytryptamine. Like (4) ion effects, the 5-HT
effects can be reversed by treatment with (—) air ions. On the basis of these
facts, it scems reasonable to postulate that (+) air ions are “serotonin re-
leasers,” and that a local accumulation of 5-HT in the trachea is the immedi-
ate cause of (+) ion effects (Fig. 4B). Normal metabolism of 5-HT is shown
in Fig, 4A.

BOUND 5-HT BOUND 5-HT
N N
RESPIRATORY AEST OF BODY
FREE 5-HT FREE 5-HY
ATe GENERAL
lﬂEsPIRAmR'f TRACY] CIRCULATION
MAQ 'MAQ
(MODERATE {meH
CONCEN TRATION CONCENTRATION
IN RESPIRATORY IN LIVER, KIDREY,
TRAGT) G TRACT, ETC.)
S-HIAA
IN
URINE

Fioure 4. Schematic presentation of 5-hydroxytryptamine metabolism and the ef-
fects of air ions, reserpine, and iproniazid.
Froure 4A. Normal metabolism of 5-hydroxytryptamine.

It can further be postulated that (—) air ions reverse (+) ion effects by
speeding up the rate at which free 5-HT is oxidized (Fig. 4C). Like other oxi-
dase systems, monamine oxidase is thought to consist of a dehydrogenase
linked to a respiratory chain which may include cytochromes or flavins (8).
(—) Ions have been shown to have a direct action on cytochrome oxidase and
to accelerate the cytochrome-linked conversion of succinate to fumarate (4).
This same action might also accelerate a cytochrome-linked oxidation of
5-HT. .

The experiments with reserpine and iproniazid provide indirect confirma-
tion of this hypothesis.

Reserpine is believed to cause 5-HT to be momentarily released and then
rapidly destroyed by monamine oxidase (6), so that the tissues are quickly
depleted of 5-HT (Fig. 4D). If our hypothesis is correct, reserpine would pro-
duce a condition in the trachea resembling that induced by (—) air ions.
Moreover, one would expect {-4) air ions to be unable to produce their char-
acteristic effects on a reserpine-treated animal, since the 5-HT necessary for
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{(+) ion action is lacking. Both these expectations have been realized experi-
mentally.
In contrast, iproniazid blocks the enzyme responsible for metabolizing
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Ficure 4B. Hypothesized action of (+) Ficure 4C. Hypothesized action of (~)

air ions. air ions.
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Ficure 4D. Action of reserpine. Figure 4E. Action of iproniazid.

5-HT (9), so that an accumulation of free 5-HT develops (Fig. 4E). One would
expect an iproniazid-treated animal to display tracheal effects resembling
those produced by (+) air ions and to resist the normal action of (—) ions in
reversing these effects. Again both these expectations have been experi-
mentally confirmed.
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Suggestive though it is, the evidence so far is only circumstantial. Before
the hypothesis can be considered proven, it will be necessary to show directly
that (+) air ions release 5-HT, and that (—) air ions accelerate its metabo-
lism. Such experiments are currently in progress.

Whether or not our hypothesis is correct, the facts remain that (1) all the
tracheal effects produced by (+4) or (—) air ions can be duplicated by drugs
that operate through the release or metabolic blocking of 5-hydroxytrypta-
mine, (2) by using these drugs, it is possible to prevent excesses of (+) or (—)
air ions from exerting their usual effects on the respiratory tract, and (3) by
means of air ions, it is possible to reproduce the effects of reserpine and
iproniazid on the respiratory tract without the untoward systemic effects of
these drugs.

We wish to express our gratitude to John C. Beckett for his helpful advice in solving problems of
ion generation and measurement.
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